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What Exactly does a Random Walk Simulation Simulate?
Michael J. Saxton.
University of California, Davis, CA, USA.
One of themost common statements about randomwalks or Brownianmotion is
that they are statistically self-similar. Self-similarity is commonly depicted as
an individual trajectory at different magnifications or plots of square displace-
ment versus time at different magnifications. The first question is, what exactly
does self-similarity mean here? That the trajectory itself and certain functionals
of it are self-similar? That all functionals of it are self-similar? That all func-
tionals of a random walk are self-similar in the limit as the random walk ap-
proaches Brownian motion? This problem is a form of the standard question
of how a randomwalk (finite step length) approaches the limit of Brownian mo-
tion (infinitesimal step length). This problem is well understood mathematically
but for applications it is useful to understand how the approach to the Brownian
limit affects simulations. When does the histogram of a functional of a random
walk approximate the corresponding distribution for Brownian motion? Sec-
ond, what exactly does a random walk simulation yield? In the simulation the
step size is chosen from a Rayleigh distribution with mean-square radius
<r2> ¼ 2d D Dt, and the angle is random. This is exactly what the propagator
for Brownian motion yields for a time interval Dt. Thus the usual random walk
simulation is periodically sampled Brownian motion. Periodic sampling — in
engineering terminology, downsampling — is a form of low-pass filtering.
Likewise, an experimental single-particle tracking trajectory is to a first approx-
imation periodically sampled Brownian motion, but there are deviations. At
short distances, the dynamics is Newtonian, not Brownian, and at longer dis-
tances, complex behavior may occur, such as the Alder-Wainwright long-
time tails from hydrodynamics, and the collective motions found by Vattulainen
and collaborators. Supported in part by NIH grant GM038133.
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Two-Photon Imaging of the Interaction of mTORC1 Components using
Fluorescence Energy Transfer between Gfp-Expressing Proteins in a
Spheroid Tumor Cell Model
Christopher D. Stubbs, Kathrin M. Scherer, Anthony W. Parker,
Eleanor C. Weston, Stanley W. Botchway.
Rutherford Appleton Laboratory, Didcot, United Kingdom.
The interaction of key mTORC1 signalling components controlling cell growth
was investigated in living cells using fluorescence energy transfer (FRET) be-
tween GFP and DsRed tagged proteins in a spheroid cell model with HEK 293
cells. mTORC1 is responsible for controlling cell growth and the interaction of
its components is a target for controlling this process. The spheroid cell model
offers a number of advantages over traditional monolayer culture models, since
it is a more realistic model of cells in tumor form. The challenge is to be able to
image deep inside the spheroid to study and eventually manipulate cell signal-
ling to control the fate of a particular cell and its neighbouring cells. We have
been exploring this using fluorescence lifetime quenching of GFP-mTOR ex-
pressed in the cells by its adjacent DsRed-labelled Rheb and DsRed-raptor
proteins. It was found that standard transfection of HEK 293 cells could be
achieved simultaneously with the initiation of the formation of spheroids of
~400 mm diameter with both Rheb-mTOR/mTOR-raptor interactions observ-
able deep into the spheroid after 24-48 h. The combination of two-photon life-
time imaging and the spheroid model offers a powerful approach to the study of
signalling of cells deep within tumors and eventually the potential of their
manipulation.
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Correlations in Chromatin Movement in Diploid Yeast Revealed by Two-
Color Three-Dimensional Single-Particle Tracking using the Double-Helix
Point Spread Function (DH-PSF) Microscope
Mikael Backlund1, Ryan Joyner2, Karsten Weis2, W.E. Moerner1.
1Department of Chemistry, Stanford University, Stanford, CA, USA,
2Department of Molecular and Cell Biology, University of California,
Berkeley, Berkeley, CA, USA.
It is known that gene regulation in eukaryotes is intimately tied to the three-
dimensional (3D) organization of chromatin within the nucleus, and the exact
structure and dynamics of this organization is a current topic of intense inves-
tigation. In order to examine whether the activation of two alleles in a diploid
genome is coordinated we performed fast (10 Hz), 3D, simultaneous tracking of
the two alleles of the GAL locus in diploid budding yeast cells. We did so by
labeling one copy of the locus with LacO/LacI-GFP and the other with
TetO/TetR-mCherry and recording the resulting fluorescence images in parallelusing the DH-PSF microscope, which enabled precise sub-diffraction 3D local-
ization in each channel (<[sx,sy,sz]> ¼ [14,13,27] nm for GFP and
[25,29,46] nm for mCherry). The simultaneously recorded tracks were then
registered to within sub-diffraction distances. We then examined the statistics
of allele velocity cross-correlation and colocalization in both the transcription-
ally active (cells grown in galactose) and repressed (grown in dextrose) states.
As a control we labeled and tracked a single allele with both colors of fluores-
cent proteins integrated ~12-18 kb apart. The dual-allele cases showed signif-
icant subpopulations of positive correlations that were larger than the 90th
percentile value of the single-allele case (0.11), comprising 51% (26/51) in
dextrose and 40% (34/86) in galactose. The presence of positive correlations
indicates that gene copies are often closely associated in space and time, which
may be consistent, for instance, with intertwined polymers or a mutual associ-
ation with external protein machinery. Interestingly, we find both correlated
and uncorrelated examples which appear peripherally confined, as the GAL
genes are known to preferentially associate with the nuclear periphery upon
activation.
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Superresolution Imaging of Endocytic Structures in S. Cerevisiae
Markus Mund, Ulf Matti, Jonas Ries.
EMBL, Heidelberg, Germany.
Endocytosis is a highly intricate cellular process, which in yeast involves the
ordered recruitment and disassembly of around 60 proteins. Live-cell micro-
scopy has lead to tremendous insight into composition and dynamics of the en-
docytic machinery. Due to the diffraction limit however, the maximum
resolution of around 250 nm was much above the relevant endocytic size range.
Electron microscopy on the other hand offers nanometer resolution, but lacks
molecular specificity. As a result, structural features of most endocytic protein
assemblies are largely unknown.
We employ localization microscopy (PALM/STORM) to study endocytic
structures in S. cerevisiae. This method is ideal to study static structures, which
is why cells are typically fixated during sample preparation, leading to the loss
of temporal resolution. We address this issue by recording snapshots of all key
intermediate steps during endocytosis. For each fixated endocytic site, we can
pinpoint the progress along the endocytic timeline by correlating information
from marker proteins with a distinct temporal recruitment pattern.
Our current efforts focus on the intermediate and late coat assembly preceding
scission. Here, we were able to reveal subdiffraction features regarding shape
and structure of endocytic coat proteins that were previously inaccessible. By
visualizing many proteins pairs with dual-color superresolution microscopy,
we are pursuing to obtain a comprehensive structural picture of the endocytic
proteome.
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Utilising Super-Resolution Palm Imaging in Fission Yeast
Helen Armes1, Thomas Etheridge1, Alex Herbert1, David Lando2,
Steven F. Lee2, David Klenerman2, Anthony Carr1.
1University of Sussex, Brighton, United Kingdom, 2University of Cambridge,
Cambridge, United Kingdom.
Super-resolution techniques such as PALM and STORM are an exciting devel-
opment allowing researchers to break the diffraction limit imposed by the
diffraction of light. Our group works on understanding the systems of DNA
repair and replication restart using the model organism Schizosaccharomyces
pombe (fission yeast). A recent paper by Lando et al., utilised PALM super-
resolution imaging to count the number of a protein tagged with the photo-
activatable protein mEos2 in fission yeast. The potential to determine the
precise stoichiometry of protein complexes in vivo would be an important
breakthrough. To do this it is necessary to establish the ideal protocols for
super-resolution imaging in S. pombe, and what the limitations of this tech-
nique are. We present the results of work with Cdc22, a protein highly
expressed throughout the cell in fission yeast, known to form hexamers, with
a control mutant impaired in hexamer formation. The protein was labelled ge-
nomically with the photo-activatable protein mEos2 to allow it to be visualised.
We have established optimal excitation power and temporal regimes to visu-
alise Cdc22 in S. pombe, as well as protocols to significantly reduce intracel-
lular background fluorescence.
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Architecture and Dynamics of the Partition System of the F-Plasmid in
E.Coli
Antoine Le Gall.
Centre de Biochimie Structurale, Montpellier, France.
Proper DNA segregation ensures the faithful inheritance of genomic informa-
tion for all life forms, but the mechanisms of this fundamental process remain
poorly understood in bacteria. In order to separate chromosomes and plasmids,
200a Sunday, February 16, 2014bacteria use active segregation systems (hereafter ParABS). ParABS systems
encode three dedicated components: 1) an origin-proximal centromeric DNA
sequence, parS; 2) a motor ATPase ParA; and 3) a centromere-binding protein
ParB that interacts with parS and is predicted to regulate ParA activity. Two
competing models have emerged to explain active chromosome/plasmid segre-
gation by ParABS systems. The first model proposes that ParA filaments depo-
lymerize to pull ParB/parS complexes towards opposite cell halves, whereas
the second suggests a ‘‘diffusion-ratchet’’ mechanism by which ParB/parS seg-
rosome complexes ratchet along the surface of the nucleoid following regions
of higher local ParA concentration.
Here, we investigate the mechanism of segregation of the F-plasmid in
Escherichia coli by developing and using single-molecule and super-
resolution microscopy methods (photo-activated localization, and structured
illumination microscopies). We find that: (1) segregosome complexes orga-
nize in clusters with a size of ~45 nm that originate at mid-cell and rapidly
migrate to 1/4 and 3/4 positions; (2) These clusters are highly dynamic and
display brownian, confined, and directed motions; (3) the majority of ParB
proteins localize to ParB/C clusters; (4) segregosome clusters are not local-
ized at the space between the membrane and the nuclear surface, as previ-
ously predicted, but are rather localized at the interior of the nucleus; and
(5) ParA displays rapid pole to pole oscillations that extend across the core
of the nucleus. Overall, our results are inconsistent with models suggesting
that segregosome complexes are ratcheted on the nuclear surface, and rather
suggest that the mechanism of segregation involves active translocation by
the ParA ATPase.
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Super-Resolution Imaging in Plant Cells
Bin Dong1,2, Xiaocheng Yang1, Shaobin Zhu1,2, Diane Bassham1,
Ning Fang1,2.
1Iowa State University, Ames, IA, USA, 2Ames Laboratory, Ames, IA, USA.
In the past few years, the emergence of super-resolution microscopy tech-
niques enabled diffraction unlimited imaging using the same diffraction-
limited far-field optics as in conventional fluorescence microscopy. One
approach, implemented in stochastic optical reconstruction microscopy
(STORM), photoactivated localization microscopy (PALM) and fluorescence
photoactivation microscopy (FPALM), relies on the stochastic nature of
single-molecule switching. High spatial resolution in these techniques can
only be realized when single fluorophores are detected with sufficiently
high signal to noise ratios to allow localization with nanometer accuracy.
Though researchers have started new journey of understanding the biological
process in mammalian cells, yet very few reports exist of studying biological
process in plant cells or tissues with such high spatial resolution. The primary
reasons are the high autofluorescence of endogenous components and the
presence of thick cell walls. We have conducted careful assessment of exist-
ing imaging techniques for single molecule imaging in plant cells and tissues,
which is the fundamental aspect of super-resolution imaging. To improve
single-molecule detection sensitivity, we are developing new microscopy
techniques based on the concept of light sheet illumination. Using these
new microscopes, we are trying to resolve nanoscale cellular structures in
plant seedlings.
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Determination of Articular Cartilage Deformation using 2-Photon
Microscopy
Ziad Abusara, Markus Kossel, Walter Herzog.
Human Performance Lab, University of
Calgary, Calgary, AB, Canada.
In-vivo movement of bones comprising syno-
vial joints has been evaluated in various ways
and has been calculated theoretically to under-
stand joint biomechanics. In order to assess
joint loading and bone movements accurately,
the deformation behavior of articular cartilage
has been investigated in confined and uncon-
fined compression experiments, but to date
there exist no data on dynamic in vivo deforma-
tion of articular cartilage in intact joints loaded
through controlled muscular contraction. The
objective of this study was to measure articular
cartilage deformations as a function of load in
an intact joint of live animals.
We developed a novel in-vivo testing system
that allows for controlled loading of mouse
knees through muscular contractions and quan-tification of the associated, cartilage and chondrocyte deformations. Imaging of
articular cartilage deformation across the entire medial compartment of the
knees was performed using Zeiss 510 coupled with a Coherent Chameleon
IR-laser tuned at 780 nm for two-photon excitation (Figure 1a, b).
Increases in muscular loading of the knee caused an increase in articular carti-
lage deformation. Fifty and 80% of the maximal muscular forces produced
average peak articular cartilage strains for 8s contraction of 1051% to
1952% respectively (Figure 1c).
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3D Super-Resolution Imaging with Blinking Quantum Dots
Yong Wang1, Gilbert Fruhwirth2, En Cai1, Tony Ng2, Paul R. Selvin1.
1University of Illinois at Urbana-Champaign, Urbana, IL, USA, 2King’s
College London, London, United Kingdom.
Quantum dots are promising candidates for single molecule imaging due to
their exceptional photophysical properties, including their intense brightness
and resistance to photobleaching. They are also notorious for their blinking.
Here we report a novel way to take advantage of quantum dot blinking to
develop an imaging technique in three-dimensions with nanometric resolution.
We first applied this method to simulated images of quantum dots, and then to
quantum dots immobilized on microspheres. We achieved imaging resolutions
(FWHM) of 8-17 nm in the x-y plane and 58 nm (on coverslip) or 81 nm (deep
in solution) in the z-direction, approximately 3-7 times better than what has
been achieved previously with quantum dots. This approach was applied to
resolve the 3D distribution of epidermal growth factor receptor (EGFR) mole-
cules at, and inside of, the plasma membrane of resting basal breast cancer
cells.
1012-Pos Board B767
Entire 3-Dimensional Image of Red Blood Cells using Defocusing
Microscopy
Paula M.S. Roma, Livia Siman, Ubirajara Agero, Oscar N. Mesquita.
Federal University of Minas Gerais, Belo Horizonte, Brazil.
We present a simple bright-field optical microscopy technique, which we
termed Defocusing Microscopy (DM) [1-3], able to actually reconstruct the
3-dimensional (3D) structure of phase objects. For this reconstruction it is
only necessary to measure the object DM contrast at two different objective
focal positions. We apply the developed method to red blood cells and obtain
the shapes of the upper and lower surfaces, the last one deformed by the sub-
strate. We reconstruct cells in isotonic, hypotonic conditions, as shown in the
figure below. Additionally, we obtain the height fluctuations, with nanometer
sensitivity, and the elastic modulii of each surface separately. For entire 3D im-
aging of phase objects in motion, one can use two cameras focused on two
different positions. Therefore, DM technique can also be applied to obtain
3D reconstruction of cells flowing in
micro-fluidic devices.
[1] U. Agero, C.H. Monken, C. Ropert,
R.T. Gazzinelli, and O.N. Mesquita, Phys.
Rev. E 67, 051904 (2003).
[2] L.G. Mesquita, U. Agero, and O.N.
Mesquita, Applied Phys. Lett. 88, 133901
(2006).
[3] G. Glionna, C.K. Oliveira; L.G. Siman,
Moyses HW, D.M.U. Prado, C.H. Monken,
and O.N. Mesquita, Applied Phys. Lett. 94,
193701 (2009).
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Subcellular Level Optical Metabolic Imaging of Induced Pluoripotent
Stem Cells using Endogenous Fluorophore
Rupsa Datta1, Yosuke Kurokawa2, Michelle Digman1, Steven C. George2,
Enrico Gratton1.
1Laboratory for Fluorescence Dynamics, Department of Biomedical
Engineering, University of California, Irvine, Irvine, CA, USA, 2Department
of Biomedical Engineering, University of California, Irvine, Irvine, CA,
USA.
In this work we show label-free metabolic imaging of induced pluoripotent
stem (iPS) cell delineating regions of different metabolic activity at subcellular
level. iPS cells, which are derived from adult somatic cells (skin fibroblast in
this case) by nuclear reprogramming, possess pluoripotency. Hence, these cells
offer a unique platform for stem cell research, drug discovery and testing, dis-
ease treatment development and toxicological screening. The phasor approach
was applied to endogenous NADH fluorescence lifetime imaging microscopy
(FLIM) to map free to bound NADH ratio distribution within single cells.
The FLIM phasor distribution shows a clear difference between metabolic
states of the nucleus and cytoplasmic regions. The nuclei had a larger fraction
